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Abstract 
The concept of telework is related to the accomplishment of distance work with the support of technology. It requires an 
execution model of labor activity in regimen of Flexible Work distance (FW), workers and rules for conducting this execution. 
This research was applied in a company that implanted an FW project. For evaluation of the alternatives of FW models we 
apply two methods of Verbal Decision Analysis (VDA). The first method was used to classify the criteria and the second to 
ordain them with the objective of find a ranking of the alternatives according to the preferences of involved. 
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1. Introduction 
The concept of telework is related to the accomplishment of distance work, with the technical support of 
computer science and/or telecommunication, software and access to the Internet. Technological advancements 
allow collaborators to perform their activities in different ways, environments, schedules, etc., thus requiring a 
flexible model of execution of activities by workers, which is also long distance (in this text, called collaborators 
and their managers). This work model must be centered around the performance and life quality of collaborators, 
as well as the interaction and sharing of experiences among them in order to solve conflicts that may affect the 
completion of their activities. 
The ecosystem of definition, execution and evaluation of an FW model must be specified in advance and some 
uncertainties must be agreed upon so companies can adhere to such model in its amplitude. This ecosystem 
includes the following steps: i) To chose collaborators; such choice encloses the characteristics of the collaborator 
and the nature of his/her activities; ii) to execute the performed activities; which depends on the legal aspects, 
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the solutions found for management of activities, as well as the technical solutions for the execution of activities 
with social interactions; and iii) To evaluate results; which include the way in which the work is carried by 
collaborators. Several professionals (managers, lawyers, technicians, psychologists) must work together to 
establish an FW model, considering the important elements of their field to this ecosystem. Some elements are 
the following: those related to the legal aspect (does the model guarantee the human right to disconnection of 
work, even being flexible?); those related to the management aspect (does the model guarantee the quality of the 
work? Can an activity be carried through despite some environmental interruptions throughout its execution?); 
those related to the human aspect (does the model guarantee the increase of productivity of a collaborator and 
her/his quality of life?); those related to social interaction (does the model guarantee better collaborative work?). 
It is understood that an FW model should be defined from an integrated view of criteria studied in various 
fields. It is also believed that alternatives of FW model should be explored and chosen in collaboration with the 
workers. Evaluating the preferences of those involved on the characteristics of an FW model may help to define 
a model adapted to the needs of those involved. However, opinions may be conflicting, thus generating 
uncertainties related to subjective criteria, which must compose the model. 
 Moreover, [1], [2], [3] and [4] have showed that problems of conflicting opinions can be solved by methods 
belonging to Multi Criteria Decision Analysis (MCDA) [5]. In these studies, alternative models of interaction 
were identified and assessed in order to choose either the best solution or which features could generate another 
alternative. The criteria, which characterized each solution, were defined and presented to users so that evaluators 
could obtain the users' preferences. The analysis of alternative solutions based on users’ preferences is the 
unstructured problem, i.e., a complex problem, where most of its variables are qualitative.  
The purpose of this article is to describe a process of definition of an FW model suitable to the involved 
workers’ preferences, which were investigated through two MCDA methods: ORCLASS e ZAPROS III. The 
result was the identification of an FW model based on the preferences of collaborators and of the managers 
involved in the case study. The contribution of this work is the description of a collaborative process to support 
the existence of the ecosystem mentioned above. The structure of this article is as follows: Section 2 illustrates 
the related work. Section 3 presents the research questions of this survey. Section 4 describes the methodology 
for defining a model of FW and the MCDA process used in this study. Section 5 describe the resources used for 
the analysis of alternatives of FW developed, and if followed by analysis of results, discussion and conclusion. 
2. Related Work 
An FW model adopted by a company is driven by requirements - which are the requirements of the company 
for the establishment and management of an FW regimen. These requirements are derived from organizational 
regulations, laws and strategies adopted for improving the quality of work and well-being of collaborators. They 
cover many kinds of criteria, as outlined in the introduction. 
The authors of this study conducted a literature review to identify which criteria have been studied in FW 
models. This systematic mapping is an empirical methodology that provides an overview of a research area to 
determine if there is evidence of research on a particular topic [6]. 
We consider the following databases for research IEEE and ACM. The criteria for inclusion of literature in 
the systematic review were: articles, journals and magazines published since 1995 for analysis of the last 20 years. 
Exclusion criteria were: articles in languages other than Portuguese and English, and document type consisting 
of technical reports. The search string used was: ("Telework" OR "Telecommuting") AND ("Teletrabalho" OR 
"Trabalho Remoto"). At the end, we found 222 publications: 64 from the IEEE source and 158 from the ACM 
source. After reading all the abstracts, we selected 13 articles that discussed different criteria for FW. In addition, 
we also considered 7 frameworks (which originated from previous searches), which related to this subject. Table 
1 shows 10 main criteria for FW found in the 20 works. 
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Criteria Works 
Work contract and autonomy. Clark [7]; Ozgur et al.[8]; David [9]; Elisangela and Luis [10] 
Commitment to quality of work and 
interaction with the staff; and Isolation. 
Elisangela and Luis [10]; Mohamed and Robert [11]; He et al. [12]; Anthony 
and Troy [13]. 
Flexibility to the FW model. 
 
Babilon and O’Keefe [14]; Anthony and Troy [13]; Clark [7]; Bui et al.[15] 
Commitment with the work and meeting 
deadlines and targets. 
Mat et al. [16]; Salazar [17]; Mohamed and Robert [11]; Schmidt [18]; Riley 
and McCloskey [19]; Ralph [20]; Anthony and Troy [13]; Bui et al. [15]; 
Luukinen [21]; David [9]; Ozgur et al. [8]; Babilon and O’Keefe [14]. 
Reliability and integrity of information 
Protection of property rights; and Monitoring 
and privacy. 
Mat et al. [16]; Luukinen [21]; Babilon and O’Keefe [14]; Rainara et al. [22]. 
Quality of Life; Stress due to commuting; and 
Support for family life. 
Salazar [17]; Schmidt [18]; Anthony and Troy [13]; Mohamed and Robert 
[11]; Riley and McCloskey [19]. 
Security of activity and breaks. 
 
Elisangela and Luis [10]; Mat et al. [16]; Salazar [17]; Mohamed and Robert 
[11]; Anthony and Troy [13]; Neirotti et al. [23]; He et al. [12]. 
Nature of business and management; Social 
systems; and knowledge indicators. 
Gaëlle et al. [24]; Carlos [25]; Elizabeth and Marilia [26]; Anthony and Troy 
[13]; He et al. [12]. 
Management and Autonomy; Relations with 
society; and Patterns of behavior. 
He et al [12]; Clark [7]. 
Preferences of migration; Security; and 
ubiquity (Situation Awareness, availability, 
Calm). 
Elizabeth and Marilia [26]; Rainara et al. [22]; Babilon and O’Keefe [14]; 
Luukinen [21]. 
The criteria were classified in 4 different areas: law, business, psychology and Human Computer Interaction 
(HCI), the latest including the social sciences field. We observed that all 20 (100%) of the work contemplated 
criteria from the administration area, 14 (70%) from psychology, followed by 12 (60%) from the areas of HCI 
and Law. 
3. Research Question 
In the context of the Company used for this study, the authors were responsible for defining and evaluating 
an FW project. The main objective of this project was to assist workers in adopting an FW regimen and to 
contribute in improving the project. The following research question emerged in order to define an FW model 
for such project:  
1) How to identify the criteria to elaborate an FW model that satisfies the collaborators and favors their 
productivity in relation to the implementation of their activities in the FW regimen? To answer this question, we 
defined a methodology to conduct an FW model.  
4. Methodology for defining a model of FW 
The definition and evaluation methodology of an FW model include two VDA processes as a method to 
analyze FW model alternatives. This methodology can be applied by any consultant interested in the 
Table 1: Survey of criteria 
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implementation of a project in FW regimen within a Company. It is structured in 4 phases:  
Phase I. Understanding the needs of the relevant stakeholders. Needs come from the company itself, but it is 
the responsibility of the consultant to explore the benefits and requirements for the implementation of an FW 
model with the potential workers involved.  
Phase II. Analysis of Requirements. In this phase, the consultant should define which requirements 
characterize an FW model and what are the restrictions of its quality. This definition process should follow a 
multidisciplinary and systemic approach from the information collected in the previous phase. Many 
requirements may arise and subsequently the consultant can apply a strategy of prioritizing those considered most 
appropriate to achieve the project goals. 
Phase III.  Definition of the evaluation criteria related to requirements. The authors used ORCLASS method to 
classify the extensive requirements into two groups: acceptable and unacceptable. After classification, only the 
requirements of acceptable group and its related criteria should be considered in the next phase of the analysis 
(phase IV). 
Phase IV. Analysis of Results. The consultant should initiate a new multi-criteria analysis, this time using the 
method ZAPROS III (a multi-criteria approach to Verbal Decision Analysis, which provides a ranking of the 
alternatives from the point of view of decision makers) [27]. Due to the subjective nature of the assessment, there 
may be different opinions and conflicting criteria. For instance, when working with more than one criterion, it is 
understood that the worker A may prefer the criterion X to criterion Y, and the worker B may prefer the criterion 
Y to X. This analysis with multiple criteria and multiple decision makers becomes more complex than the process 
of choosing a solution. 
The result of a decision process is the classification and ordering of alternatives among the existents that can 
meet the desired requirements. The less desirable alternatives are rejected from this initial set [28]. Finally, the 
objective of this proposed methodology is the definition of one or more best alternatives of FW model. 
4.1. Métodos para AVD: Orclass e Zapros III 
The ORCLASS (ORdinal CLASSification) method [28] can be used to obtain a definite decision rule, 
considering a set of criteria and their values, so that any alternative represented by these criteria values can be 
classified. For a given criteria set, the method classifies all possible multi-criteria alternatives, which are given 
by the Cartesian product of the criteria values defined for the problem. The method aims at categorizing the 
alternatives into a small number of decision classes or groups, which are preordered according to the decision 
maker’s preferences [28]. Usually two decision groups are defined for a problem: the first group covers the 
most preferable alternatives, and the less preferable alternatives belong to the second one [29]. 
4.2. Structure of the Orclass Method  
The Fig. 1 presents a flowchart with steps to apply the method ORCLASS [29-30]. In accordance with the 
scheme described in Fig. 1, the application of the method can be divided into three stages: Problem 
Formulation, Construction of the Classification Rule and Analysis of the Information Obtained. 
4.3. The OrclassWeb Tool 
A tool to apply the ORCLASS method was used. The OrclassWeb tool [31-32] automates the comparison 
process of alternatives and provides to the decision maker a concrete result for the problem. The tool’s usage 
is divided into 4 stages: Criteria and criteria values Definition; Alternatives Definition; Construction of the 
Classification Rule; and Presentation of Results Obtained. The tool is available at 
http://www2.unifor.br/OrclassWeb for research purpose. 


















4.4. The Zapros III Method 
According to [33], Fig. 2 presents a flowchart with steps to apply a VDA process using ZAPROS-III 
features. Considering that the Problem Formulation was based on the methodology described previously, the 
application of this process can be divided in two stages: Elicitation of decision maker’s preferences and 













In ZAPROS-III, values known as Quality Variations (QV) and Formal Index of Quality (FIQ) are 
considered [34]. The QV is a value “that represents the distances between the evaluations of two criteria” [33]. 
The FIQ, which main objective is to minimize the amount of pairs of alternatives to be compared, is used 
during the application in order to rank the alternatives [1]. In the following section, the resources used in the 
analysis of the alternatives will be described. 
Fig. 2: Main steps to rank order a set of alternatives in the ZAPROS III [29] 
Fig. 1: Decision rule for classification in ORCLASS method [29] 
753 Patrícia Vasconcelos et al. /  Procedia Computer Science  55 ( 2015 )  748 – 757 
5. Resources used in the analysis of alternatives 
5.1. Classification of criteria with Orclass method 
The definition of the alternatives considered requirements that affect the satisfaction, the execution 
environment, the productivity, and the ability to interact/collaboration on an FW regimen. These alternatives to 
FW model (Fig. 3) were validated with the decision maker. In order to facilitate the decision making process we 
used the ORCLASS tool to execute the classification of the criteria. This tool is available in 
http://www2.unifor.br/OrclassWeb/pages/index.jsf.  
 
The criteria and values were typed in ORCLASS tool (Fig. 4). Then, the decision-maker has interacted with 
the tool. He answered about his acceptance for each criterion value (Fig. 5). The result was the classification of 




Fig. 3: Alternatives and Values Fig. 4: Criteria and Values 
Fig. 5: Interaction with the tool 
Fig. 6: Rating Result 
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It is possible to observe that the alternatives 1, 2, 3, 5, 7 and 8 form part of the acceptable group. These 
alternatives will be considered in the next phase (ordination with ZAPROS III method). However, alternatives 4 
and 6 were excluded. 
5.2. Ordination of criteria with Zapros III method 
The alternative of the previous stage were grouped into three sets of criteria A, B and C and their related values 
(see Table 2). Later the method Zapros III was applied with the decision maker in order to find a ranking the 
preferred alternatives for the Model FW. The next section describes the specification of new alternatives and 




Hours of FW to carry out the activities;  
Flexibility of the context to perform the 
activities  
 
A1: Run what was planned on the day, time and 
place previously defined 
A2: Allow for changes in planning to meet the 
needs / company events 
A3: Allow for changes in planning to meet personal 
needs and needs company. 
 
B 
Interaction, collaboration and justification of 
decisions for Commitment of the work;  
Interruptions in the continuity of work 
 
B1: meet the planned, interacting and finalizing all 
activities; 
B2: Not meet the planned disrupting the activity 
with justification/interaction. 




Management of  work; 
Technology for completion of the work 
C1: Register (%) in the activities developed in FW 
on the same day of your accomplishments getting 
officer acknowledgment; 
C2: Register (%) the activities developed in FW 
without deadline getting officer acknowledgment;  
C3: Register (%) the activities developed in FW 
without deadline and without officer 
acknowledgment. 
 
5.3. Alternatives of the FW Model 
Seven alternatives to an FW model were defined with their respective values in order to represent the needs 
of workers. For example, Alternative1 (A1B2C1) emphasizes that the collaborator must: (A1) be working at 
home exactly at the determined day, time and place  (B2) following the planned activity, but interacting and 
discussing when necessary to interrupt the plan; (C1) and registering the performed activities on the same day of 
their accomplishments by getting the manager’s feedback. The alternatives for the analysis were preferably as 
follows: Alternative1: A1B2C1; Alternative2: A1B1C3; Alternative3: A2B1C1; Alternative4: A2B1C3; 
Alternative5: A1B2C2; Alternative6: A3B2C1; Alternative7: A1B3C1. 
Table 2: Selection of criteria and associated values 
755 Patrícia Vasconcelos et al. /  Procedia Computer Science  55 ( 2015 )  748 – 757 
Subsequently for the identification of these alternatives, we performed a survey to get the opinions of 4 
decision makers involved with defining the FW model. Those members were part of the team that developed this 
project. They were: the team that develops this project (such as the analyst of the management system under 
development, the analyst of the user experiences and, the psychologist) and the manager responsible for the 
human resources department of the Company under study. 
A second questionnaire was applied using the criteria, as shown in Table 2. After analyzing the questionnaire, 
we defined the Joint Scale of Quality Variation - JSQV (line 1) with the order of preference of the respondents. 
Each JSQV is numbered in ascending order from 1 to 9 (line 2).   
  (1) 
  (2) 
 
 
The sum of the numbers of JSQV of each alternative is the Formal Index of Quality - FIQ. The 7 alternatives 
have the following FIQ: alternative 1 (FIQ 5), alternative 2 (FIQ 9), alternative 3 (FIQ 4), alternative 4 (FIQ 13), 
alternative 5 (FIQ 11), alternative 6 (FIQ 12), alternative 7 (FIQ 8). With the values of the FIQ, the ranking of 
alternatives was organized assuming that the alternative with the lowest FIQ value represents the top of the rank 
thus, the best alternative. Accordingly, the most preferable alternative was Alternative 3. 
This alternative includes the needs of the Company studied, and the most important values, which were: (A2) 
to allow for changes in the plan of activities performed by collaborators in order to meet last minute demands of 
the organization; (B1) the collaborator must finish all the activities described in the plan, by interacting and 
collaborating for solving problems and; (C1) the collaborator must report an activity developed at home as soon 
as it is completed to get feedback from the manager on the same day of its completion. 
6. Analysis of the Results  
The FW model for this alternative presents evidences that there is a certain control from the Company studied 
because the needs of such organization are prioritized, and the plan must be modified to cater to them, as soon as 
the manager needs to monitor all the activities of the collaborators. 
However, scenarios of use of this preferred FW model do not usually occur for the Company since, in reality, 
many of its managers still do not follow the execution of the work from their collaborators.  
The selected criteria and values displayed in Table 2 were satisfied by alternatives of FW model.  
In the mentioned project, these criteria are being used to develop a management system according to these 
reasons (the rules).  
The implication of this approach for the design of a particular FW model refers to the fact that it is possible 
to develop a personalized management system by an FW model. Sectors of a same Company can have specific 
rules. In case of following this MCDA method again, other criteria, like the types of learning strategies, can be 
easily included for the analysis of alternatives. Therefore, a new decision process can take place according to the 
new emerging needs. 
Through this research, the following criteria were specified to compose an FW model: i) the interaction 
experience with diverse technologies by involved managers and collaborators; ii) the sharing and communication 
of activities (to be completed, in completion and completed) among them; iii) the collaboration in the discussion 
of possible solutions in face of hindrances (technical, managerial, legal, health, etc.), which may compromise the 
quality of the work (and its planning) and iv) the flexibility and autonomy of the individual, thus contributing for 
its quality of life.  
c3  b3  a3  c2b2  a2  c1  a1  b1 %%%%%%%%
9     8      7     6       5       4      3       2      1 
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7. Conclusion 
The methodology proposed here allowed for the analysis of criteria of an FW model for a specific Company 
based on the needs of those involved in the development of this model. These needs generated multidisciplinary 
criteria that emphasize autonomy and satisfaction of the collaborators, as well as interaction, collaboration and 
management among workers. 
For the analysis of the preferences of the alternatives, we apply two methods of VDA: ORCLASS and 
ZAPROS III, respectively. The ORCLASS made classification criteria into two groups, acceptable and 
unacceptable. Only resultants criteria in the first group were considered in preference analysis with Zapros III 
method.  
The application of these methods contributed to the construction of an FW model according to the workers' 
preferences. The model of FW can be defined, evaluated and evolve, arising from a systemic view of several 
advanced areas. New alternatives for the FW model are being studied. Thus, the ranking provided by this research 
will be expanded and new contributions will be examined in future work. 
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